Although diffusion tensor imaging (DTI) studies have reported fractional anisotropy (FA) abnormalities in multiple white matter (WM) regions in schizophrenia, relationship between abnormal FA and negative symptoms has not been fully explored. DTI data were acquired from twenty-four patients with chronic schizophrenia and twenty-five healthy controls. Regional brain abnormalities were evaluated by conducting FA comparisons in the cerebral and each lobar WMs between groups. Focal abnormalities were also evaluated with a voxel-wise tract specific method. Associations between structural WM changes and negative symptoms were assessed using the Scale for the Assessment of Negative Symptoms (SANS). The patient group showed decreased FA in the cerebrum, especially in the frontal lobe, compared with controls. A voxel-wise analysis showed FA decreases in almost all WM tracts in schizophrenia. Correlation analyses demonstrated negative relationships between FA in the cerebrum, particularly in the left hemisphere, and SANS global and global rating scores (Anhedonia-Asociality, Attention, and Affective-Flattening), and also associations between FA of left frontal lobe and SANS global score, Anhedonia-Asociality, and Attention. This study demonstrates that patients with chronic schizophrenia evince widespread cerebral FA abnormalities and that these abnormalities, especially in the left hemisphere, are associated with negative symptoms.
Introduction
Symptoms of schizophrenia are thought to arise from inadequate communication between brain regions, particularly the frontal and temporal lobes. Recent postmortem and genetic studies in schizophrenia provide evidence demonstrating myelin abnormalities that might affect this communication (Hakak et al., 2001; Katsel et al., 2005) . These findings support the hypothesis that deficits in structural brain connectivity are evident in schizophrenia and, importantly, that they may constitute a trait maker of pathology.
Previous diffusion tensor imaging (DTI) studies have observed both local and widespread fractional anisotropy (FA) reductions in white matter (WM) regions in schizophrenia compared with healthy control subjects (HC) (for review, see Kubicki et al. (2007) ), and these abnormalities have been attributed to disruptions in connectivity. Although WM abnormalities have been frequently reported in the schizophrenia literature, their clinical significance remains less studied.
It is thought that negative symptoms become more pronounced in the chronic stage of illness (Tandon et al., 2009 ). Negative symptoms include flattened affect, social withdrawal, and attentional deficits, and the severity of negative symptoms is associated with impairment in various cognitive functions such as memory, learning, and executive function (Bilder et al., 2000; Sanfilipo et al., 2002) . Negative symptoms are also strongly associated with social dysfunction (Tsai et al., 2010) and poor long-term outcome (Javitt, 2001) . It is therefore important to elucidate the pathology of negative symptoms in chronic schizophrenia.
Negative symptoms are hypothesized to be the result of structural brain deficits (Crow, 1980 
